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@ Method fbr making soft high bulk tissue and tissue products obtained. 

@ Tissue sheets (23), useful for facial or bath tissue, can be embossed witti a fine scale embossing 
pattern to increase bulk witti a minimal loss in strengtfi. The fine scale embossing pattern contains at 
least about 15 discrete Intermeshing embossing elements (24^5) per square centimeter (100 per square 
inch) and can enable the tissue manufacturer to produce premium quality tissues having adequate 
softness, Bulk and Strength from conventional tissue basesheets wittKMit layering or throughdrying 
equipment Depending on ttie starting basesheet material, tissues having a unique balance of properties 
can be produced, especially for conventional wet-pressed basesheets. 
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EP 0668 152 A1 

In the manufacture of soft tissue products such as facial, bath and towel tissue, an aqueous suspension 
of papermaking fibers \s deposfted onto a forming fabric from a headbox. The newly-formed web is thereafter 
dewatered, dried and creped to form a soft tissue sheet The trend in premium tissue manufacture has been 
to provide softer, bulkier, less stiff sheets by layering, throughdrying and basis weight reducttons. Layering, 

5 which requires a headbox equipped with headbox divkiere. enables the tissue manufacturer to engineer the 
tissue by placing softer feeling fibers in the outer layere while placing the stronger fibers, which generally do 
hot feel as soft, in the middle of the tissue sheet Throughdrying enables the manufacturer to produce a bulky 
sheet by drying the sheet with air in a noncompressive state. Reducing the basis weight of the sheet reduces 
its stiffness and, when used in conjunction with throughdrying, a single-ply tissue sheet of adequate caliper 

10 and performance for a premium product can be attained. 

However, producing a premium tissue product of adequate softness, bulk and strength on conventional 
(wet-pressed) tissue nuchines is not easily accomplished. For example, layering requires the purchase of a 
layered headbox, which is expensive. Higher bulk can be achieved by embossing, but emt>ossing normally re- 
quires a relatively stiff sheet in order for the sheet to retain the embossing pattern. Increasing sheet stiffness 

15 negatively impacts softness. Conventional embossing also substantially reduces the strength of the sheet and 
may lower the strength below acceptable levels in an effort to attain suitable bulk. Reducing the basis weight 
of the sheet will decrease its stiffness, but may requre that two or rTK>re of such low t>asis weight sheets be 
plied together to retain the desired caliper and performance. In \enrs of manufacturing economy, multiple-ply 
products are more expensive to produce than single- ply products, t>ut single-ply products generaOy lack suf- 

20 f ident softness and tHjIk. especially when manufactured on conventtonal machines. 

Accordingly there is a need for a simple means of enabling conventtonal tissue machines to produce pre- 
mium quality tissue sheets having adequate softness, bulk and strength without the expense of purchasing a 
layered headbox or a throughdryer, or manufacturing multiple plies. 

25 Definitk>ns 

As used herein, Strength is the geometric mean tensile (GMT) strength, which is the square root of the 
product of the machine direction (MD) tensile strength and the cross-machine direction (CD) tensile strength 
of the tissue sheet The MD tensile strength, MD stretch. CD tensile strength, and CD stretch are determined 
30 in accordance with TAPPI test method T494 om-88 using flat gripping surfaces (4.1 .1 , Istote 3), a jaw separation 
of 50.8 millimetere (or 2.0 inches), a crosshead speed of 254 millimetere (or 10 inches) per minute. The units 
of Strength are grams per 76.2 millimetere (or 3 inches) of sample wklth, but for convenience are herein re- 
ported simply as 'grams*. 

The Bulk of the products of this invention is calculated as the quotient of the Caliper (hereinafter defined), 
35 expressed in microns, divided by the t>asis weight, expressed in grams per square meter. The resulting Bulk 
is expressed as cubk: centimetere per gram. 

The Caliper, as used herein, is the thickness of a single sheet but measured as the thickness of a stack 
of ten sheets and divkiing the ten sheet thickness by ten, where each sheet within the stack is placed with the 
same side up. It is measured in accordance with TAPPI test methods T402 "Standard Condittoning and Testing 
40 Atnnosphere for Paper, Board, Pulp Handsheets and Related Products" and T411 om-89 Thickness (Caliper) 
of Paper, Papertward, and Combined Board" with Note 3 for stacked sheets. The micrometer used for carrying 
outT411 om-89 is a Bulk Micrometer (TMI Model 49-72-00, Amityville, New York, USA) having an anvil pressure 
of 3.39 kilopascals (220 grams per square inch) and an anvil diameter of 103.2 millinnetere (4-1/16 inches). 
After the Caliper is measured, the same ten sheets in the stack are used to determine the average basis weight 
45 of the sheets. 

As used herein, Specific Elastk; Modulus (SEM) is determined by measuring the slope of a partk:ular por- 
tion of the machine-direction stress/strain curve for the tissue in questbn. The SEM is calculated as the slope 
of the machine directbn stress/strain curve (expressed In kilograms per 76.2 millimetere of sample wkjth) 
measured between a stress of 100 and 200 grams, divided by the product of 0.0762 times the basis weight 
so (expressed in grams per square meter). The SEM is expressed in kilometere and is an objective measure of 
tissue softness. 

The Surface Fiber Index is a measure of the number of surfece f ibere of a sheet which exhibit an observ- 
able starting point on the sheet and a loose unbonded end that measures 0.1 millimeter or greater. 

The "embossing level" is the distance a male element of a male embossing roll penetrates the correspond- 
55 ing female void of a female embossing roll. 

The "accommodatk>n" is the distance between the skJewatls of the male elements and the sidewall of the 
female vokis at zero engagenr»nt 

It has now been discovered that a strong, soft and bulky tissue sheet of premium quality can be produced 
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from basesheets made with conventionaJ tissuemaking assets, alttiough the method of this invention can also 
be used to im|MX)ve premium quality basesheets as well. (As used herein, a tissue 't>asesheef is a tissue sheet 
as produced on a ttesue machine and wound up, prior to any post treatment such as the embossing method 
of this invention. The tissue basesheet can be layered or blended, creped or uncreped. A tissue "sheer is a 

5 sin^e-ply sheet of tissue, which can be a tissue basesheet or a post-treated tissue basesheet A tissue product 
is a final product consisting of one or more tissue sheets.) A premium quality tissue sheet has a Strength of 
500 grams or greater, a Bulk of 6 cubic centimeters per gram or greater, and a softness, as measured by the 
Specific Qastlc Modulus of 4 kilometers or less. The invention utilizes a debonding method in which fine-scale, 
discrete, Intermeshing embossing elen^ents of two gendered (male and female) embossing rolls inelastlcally 

10 strain the tissue sheet, thereby rupturing the weak t>onds and opening up the structure t>oth internally and 
externally. When the method of this inventkm inelastically strains the sheet externally, the sheet has increased 
surface fuzziness, which can improve softness. When the method of this inventnn inelastk^lly strains the 
sheet internally, the sheet is more limp (less stifQ with a lower Spedf k: BasXfC Modulus (increased softness) 
and significantly greater Bulk. In most cases, the Strength of the sheet is suk>stantially unaffected. Depending 

IS on the properties of the sheet to which the method of this inventton is applied, the resulting product will have 
different characteiistics. but will always be improved in terms of softness and Bulk, preferably without signif- 
icant loss of Strength. 

New and different tissue sheets and multi-ply tissue products are produced when the method of this irh 
ventbn is applied to wet-pressed or throughdried tissue sheets, including layered or nonlayerad (blended) tis- 

20 sue sheets. When the method of this inventk>n is applied to certain blended tissue sheets (wet-pressed or 
throughdried), softness properties which dosely approach the softness characteristics of layered tissue sheets 
can be obtained by increasing the number of unbonded fiber ends protruding from the surface of the tissue 
sheet as measured by the Surface Fiber Index (hereinafter defined). When the method of this invention is ap- 
plied to wet-pressed tissue sheets (either layered or blended), the Bulk and softness are Improved to the point 

25 of being comparable to that of throughdried sheets. For purposes herein, an increase in softness is objectively 
represented by a decrease in the Specific Bastic Modulus (SEM), which a measure of stiffness. In all cases, 
the Strength of the sheet or product Is maintained at a useful level of about 500 grams or greater. 

Hence in one aspect the invention resides In a method of embossing a tissue sheet comprising passing a 
tissue sheet through a nip formed between male and fen^le embossing rolls having about 1 5 or more discrete, 

30 Intermeshing embossing elements per square centimeter (100 per square inch) of surfiace which deflect the 
sheet perpendicular to its plane, wherein the percent increase in Bulk divided by the percent decrease in 
Strength Is about 1 or greater, mora specifically from about 1 to about 4, and stID more specif k»lly from about 
2 to atK)ut 3. 

In another aspect, the inventton reskJes In a soft tissue product comprising one or more blended tissue 
35 sheets, said tissue product having at least about 20 weight percent hardwood fibers, a Surface Fiber Index of 
about 50 or greater and a Strength of about 500 grams or greater. Alternatively, the inventksn resides in a soft 
tissue product comprising one or more blended tissue sheets, said tissue product having at least about 40 (or 
even at least about 60) weight percent hardwood fibers, a Surface Fiber Index from atxxjt 50 to about 90 (or 
from at>out 50 to about 70) and a Strength of about 500 grams or greater. Conventk)nal blended (not layered) 
40 tissue sheets have very low Surface Fiber Index values. typk»lly in the 10 - 30 range. The method of this in- 
vention unexpectedly can substantially increase the Surface Fiber Index for certain blended basesheets which 
ara debondable. nrieaning that a significant percentage of the papermaking bonds in the sheet are weaker than 
the fiber strength. When strained, the f iber-to-f il>er bonds in the basesheet tend to break t>efore the f it>ers 
break. Such tissue basesheets can be characterized by a relatively low stiffness and have a SEM of about 4 
45 or less. 

In another aspect, the invention resides in a soft wet-pressed tissue sheet having a Bulk of about 6 cubic 
centimeters per gram or greater, a Specif k: Bastic Modulus of about 4 kilon^eters or less and a Strength of 
atxxjt 500 grams or greater. Alternatively, the inventk>n resides in a soft wet-pressed tissue sheet having a 
Bulk of about 7 cubic centimeters per gram or greater, a Specif k: Bastic Modulus of about 3 kilometers or less 
so and a Strength of about 500 grams or greater. 

In another aspect, the inventk>n reskles In a two-ply tissue product comprising two wet-pressed tissue 
sheets, said product having a Bulk of about 9 cubic centimeters per gram or greater, a Specific Bastto Modulus 
of about 2 kilometers or less and a Strength of about 500 grams or greater. 

In another aspect, the invention resides in a soft throughdried tissue sheet having a Bulk of about 9 cubic 
55 centimeters per gram or greater, a Specific Elastic Modulus of about 3 kilometers or less, such as about 2 kilo- 
meters or less, and a Strength of about 500 grams or greater. 

Suitable tissue t>asesheets for purposes herein include paper sheets useful for products such as facial 
tissue, bath tissue, paper towels, dinner napkins, and the like. These sheets can be layered or blended (non- 
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layered), although the greatest economic benefit can be obtained using t)lended sheets having a high short 
fiber content because a product approaching layered quality can be made from a blended basesheeL However, 
layered sheets can also be improved as well. The tissue basesheets preferably have at least about 20 dry 
we^ht percent short fibers, mom preferably at least about 40 dry weight percent short fibers, and stiD more 

5 prefierably at least about 60 dry weight percent short fibers. Short fibers are natural or synthetic papermaking 
fibers having an average length of about2 ntillimeters (0.08 inch) or less. Generally, short fibers include hard- 
wood fibers such as eucalyptus, ntaple. birch, aspen and the like. Long fibers are natural or synthetic paper- 
making fibers having an average length of about 2.5 millimeters (0.1 inch) or greater. Such long fibers indude 
softwood fibers such as pine, spruce and the like. 

10 The basis weight of the tissue sheets of this invention can be from about 5 to about 100 grams per square 
meter, more specifically from about 10 to atXHit 70 grams per square meter, and still more specifically from 
about 20 to about 50 grams per square meter. 

Tlie tissue sheets of this inventk>n may also be characterized in part by a niachine-direction stretch of less 
than atXHJt 30 percent, more specifically from about 10 to akxMJt 25 percent, and still more specifically from 

IS about 15 to about 20 percent 

The pair of embossing rolls useful herein can be made of steel or rubber. The male embossing roll of the 
pair contains d*screte "male" embossing elements which protrude from the surface of the embossing roil. The 
female embossing roll of the pair has corresponding "female voids", sometimes referred to as female "ele- 
ments", which are recessed from the surfece of the emtKxssing roll and are positk>ned and sized to intermesh 

20 with the nr>ale elements of the other roll. In operatk>n, the intermeshing emt)Ossing elements do not perforate 
the basesheet 

The nip between the emlx>ssing rolls can be operated with a f bced gap, fixed toad, press pulse, constant 
nip width, or other such common operating conditions well known in the embossing art It will herein be referred 
to as a f bced gap, meaning that the elements do not bottom out as they are engaged. The f bced gap spacing 

25 between the embossing rolls will be affiscted by the relative size and shape of the male elements and the fismale 
voids, as well as the basis weight or thickness of the sheet(s) being embossed. 

In general, at least 15 discrete, intermeshing male elements per square centimeter (100 per square inch) 
is preferred to adequately emboss the surface, more specifically from about 30 to about gs elements per 
square centinneter (from about 200 to about 600 per square inch), and still more specif bally from about 45 to 

30 about 75 per square centinneter (from about 300 to about 500 per square inch) . While round or generally oval- 
shaped elements are preferred for surface fiber feel quality, the cross-secttonal shape of the male elements 
can be any shape, provided that the elements are distinct, which means that the elements are not ridges or 
lines but are instead indivkiual protrusions surrounded by land area on the embossing roil. The shape of the 
female vokJs generally corresponds to that of the male elements, but need not be the same. The size of the 

35 female void must be sufficiently large to accept the male element and the tissue sheet 

The width and length of the nriale elements are prefierably less than or equal to the average fiber length 
of the short fiber species within the sheet Specifically, the width and length of the nrtale elements can be less 
than about 2.5 millimeters, more specifically from about 0.25 to about 2 millimeters, and still more specifically 
from about 0.75 to about 1 .25 millimeter. As used herein, the wklth and length of the embossing elements are 

40 sometimes collectively referred to as the "^ize" of the elements as viewed in cross-sectton. The wklth and 
length can be the same or different 

The distance between the male elements on the surface of the roll also is preferably less than or equal to 
the average short fiber length. Specifically, the distance between the male elements is less than about 2.5 
millimeters, more specifically from about 0.25 to about 2.0 millimeters, and still nrx>re specifically from about 

45 0.75 to about 1 .25 millimeter. 

As prevbusly mentioned, the female embossing roll has a pattern of depresstons or voids adapted to ac- 
commodate the intermeshing male elements. When the male elements are aligned with the fennale voids prior 
to engagement, the distance between the sidewalls of the nnale elements and the skJewall of the female voids 
at zero engagennent is referred to, as nrtentibned above, as the "accommodation". The temnindogy pertaining 

50 to the embossing method of this inventton is further described in connectton with Figure 10. The degree of 
accomnrK>dation can be from about 0.075 to about 1 .25 miDimeter, wofs specifically from about 0.25 to about 
0.75 millimeter. In general, accommodatton has a signif toant impact on the Strength loss of the embossing 
process. As the accomnrH>dation decreases, the tissue sheet is subjected to greater shear forces and hence a 
greater chance of losing Strength. 

55 As mentioned above, the "embossing level", also referred to as the "roll engagement", is the distance the 
male element penetrates the corresponding female void This distance will in large part determines the Bulk 
gain imparted by the embossing process. The embossing level can be from about 0.1 to about 1 millimeter, 
more specif icaOy from about 0.25 to about 0.5 millimeter. 

4 
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The male elements and female voids can be designed to be matched or unmatched. Matched elenr^nts 
are mirror Images of each other, while unmatched elements are not The unmatched elements can differ in 
size, depth, and/or sidewall angles. Sidewail angles are preferably in the range of from about 15"^ to about 25"=" 
and are preferably substantially the same for the male elements and the corresponding female voids. In such 
5 a case, it is also preferred that the size of the top of the male element be larger than the size of the bottom of 
the female void to prevent the male element from contacting the bottom of the fiennale void. Embossing ele- 
ments which are unmatched are preferred, including unmatched elements produced by laser-engraving rubber 
rolls. Unmatched elements provide greater flexibility in terms of embossing level and accommodation. The use 
of laser-engraved embossing roils is described in greater detail in US-5 356 364 filed April 17, 1992 in the 
10 names of J. S. Veith et al. entitled "Method For Embossing Webs". 

In designing the size of the male embossing elements and female voids, it is preferable ttiat the length 
and width of the male elements is equal to or greater than the distance between surrounding adjacent male 
elements, tf the element size is maintained constant, the density of the elements (the number of elements per 
square centimeter) can be Increased by decreasing the space between the elements. Alternatively, If the den- 
ts sity of the elements is maintained constant, the element size can be Increased by decreasing the space be- 
tween the elements. A tissue sheet emt>ossed in accordance with this Invention can approach a one-sided feel 
(both sides of the embossed sheet feel substantially the same) if the acconvnodation, dement si2^, female 
roll land distance and the number of elements per unit length are properly balanced (see Figure 10 for a clar- 
ification of these parameters). More specifically, the following equation represents a linear inch (25.4 millime- 
20 ters) of the embossing pattern taken in cross-section: 

(2A + B 1* C) X D = 25.4 millimeters (1 inch) 

where 

A = acoonrvnodation (required on both sides of the element), expressed in millimeters; 
B = element size, length or width, expressed In millimeters; 
25 C = female roll land distance, expressed in millimeters; and 

D = number of elements per lineal 25.4 millinrteters (1 inch). 
Sonne of the parameters have minimum requirements. For example, the land distance of the female roll is 
limited to a minimum of 0.1016 millimeter (0.004 inch) due to emtx>ssing roll nrianufacturing limitations and for 
maintaining adequate integrity to run the embossing process. It is also not desirable to design embossing pat- 
30 terns with less than 0.0762 millimeter (0.003 inch) accomnfKXjation, which would limit the embossing level and 
thereby limit bulk generation. 

A key to elinru'nating or minimizing two-skiedness is provkiing an embossing pattern in which the length 
and width of the male elements is greater than or equal to the distance between male elements. Stated In terms 
of the parameters defined atx>ve: 
35 B ^ (2A + C) 

Any combination of accommodation and female roll land distance can be used as long as the above formula 
is met 



By way of example, set forth below are several combinatk>ns of embossing element design parameters 
within the scope of this inventton and which are suitable for producing a one-sided sheet (all dimenstons in 
40 millimeters): 





Elements per 25,4 Millimeters 


AcoonrKXjation 


Element Size 


Female Roll Land Distance 




10 


0.0762 


2.286 


0.1016 


45 


10 


0.5842 


1.270 


0.1016 




10 


0.0762 


1.270 


1.1176 




25 


0,0762 


0.762 


0.1016 


SO 


25 


0.2032 


0.508 


0.1016 




25 


0.0762 


0.508 


0.3556 



55 



In the drawings : 

Figure 1 is a plan view of a tissue sheet to ft>e tested for the Surface Fil>er Index, illustrating the orientation 
of the test sample. 

Figure 2 Is a perspective view of the sample sled used to brush the test sample in measuring the Surface 
Fiber Index. 
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Rgure 3 6 a side view of the test sample brushing operation for determining the Surface Fiber Index, il- 
lustrating the sample sled being pulled over the brushing surface. 

Figure 4 Is a cross-sectional view of the brushed test sample mounted between glass slides for measuring 
the Surface Rber Index, illustrating the protruding fiber ends which are exposed as the test sample is folded 
5 over the glass cover slip. 

Figure 5 is a plan view of a prior art butterfly embossing pattern, illustrating the shape of the male enrK 
bossing elenrwnts. 

Figure 6 is a plan view of an embossing pattern useful in accordance with this invention (magnified 2X), 
iDustrating the shape and spacing of the male embossing elements. 
10 Figure 7 is a plan view of an embossing pattern not useful in accordance with this invention (magnified 
2X), illustrating the shape and spacing of the male embossing elements. 

Figure 8 is a plan view of another embossing pattern useful in accordance with this invention (magnified 
2X), iOustrating the shape and spacing of the male embossing elements. 

Figure 9 is a plan view of another embossing pattern useful in accordance with this invention (magnified 
15 2X), inustrating the shape and spacing of the male embossing elements. 

Figure 10 is a schematic view of a tissue sheet being embossed in accordance with this invention, illus- 
trating the intermeshing of the male embossing elements and corresponding fen^aJe voids. 

Figure 11 is a plot of the Surface Fiber Index versus Strength for wet- pressed, nonlayered tissues, illus- 
trating the improvement in Surface Fiber Index obtained by applying the method of this inventnn to a wet- 
20 pressed basesheet as compared to commercially available wetpressed products. 

Figure 12 is a plot of Bulk versus SEM for commercially available single-ply tissue products (v^t-pressed 
and throughdried), illustrating how the method of this invention can impart throughdried-like qualities to a wet- 
pressed sheet (This plot includes the data from Table 3.) 

Figure 13 is a plot similar to that of Figure 12, but illustrating the improviement in Bulk as a function of 
25 different embossing levels. (This plot includes the data from Table 4.) 

Figure 14 is a plot similar to that of Figure 12, but showing the improvement in Bulk for a different l>ase- 
sheet (This plot includes the data from Table 5.) 

Figure 15 is a plot similar to that of Figure 12, but showing the improvement in Bulk for a throughdried 
basesheet (This plot includes the data from Table 8.) 
30 Illustrated in Figure 1 is the proper orientation of the test sample to be taken from a tissue sheet in order 
to measure the Surface Fiber Index. Shown is the tissue sheet 1 with the machine direction represented by 
the arrow 2. The test sample 3 is cut from the middle of the tissue sheet at an angle A of 45"* to the machine 
direction as shown. 

Figure 2 is a perepective view of the sample sled used to brush the test sample after it has been cut out 

35 of the tissue sheet Shown is the base plate 4, the sample damp 5, two spring-loaded screws 6 which keep 
pressure on the sample damp to hold the sample firmly in place, and a yoke 7 used to pull the sled during 
brushing of the sample. 

Figure 3 illustrates the test sample brushing process used to increase the visibility of the fiber ends on 
the surface of the tissue sample. Shown is the brushing sled plate 4, the yoke 7, the sample 3 firmly positioned 
40 underneath the base plate, the velvet k>rushing fabric 8, and a line 9 pulling the sample sled in the direction of 
the arrow 10. 

Figure 4 illustrates an end view of the test sample prepared for viewing under the mteroscope to count the 
number of fiber ends protruding from the surface of the sample. Shown is the test sample 3, the cover slip 11 
over which the test sample is folded, and two glass slides 12 and 13 which protect the sample and firmly hold 

45 It in place for viewing. Also schematically depicted are numerous fiber ends 14 protruding from the surface of 
the test sample at the point where the sample '\s folded over the edge of the cover slip. 

As mentioned at>ove, the Surface Fiber Index is a nieasure of the number of surfece fibers of a sheet which 
exhibit an ot>servable starting point on the sheet and a loose unbonded end that measures 0.1 millimeter or 
greater. In general, it is detemnined by folding a portion of the sheet over the edge of a glass slide and counting 

50 the number of f ibere which meet the foregoing criteria. More specifically, a rectangular test sample measuring 
88.9 millimetera (3.5 inches) long x 60.3 millimetere (2.375 inches) wide Is cut out of the center of the sheet 
at a 45** angle relative to the machine direction of the sheet as illustrated In Figure 1 . The rectangular test sanv 
ple is inserted Into the bottom of a sample sled as shown in Figures 2 and 3 with the side of the sample to be 
tested facing out (down). The sled and attached sample are placed onto a brushing fabric (low pile, crush- 

55 resistantacetatevelvetavailable from VVimpfheimer American VelvetCompany, 22 Bay View Ave., Stonington, 
Connecticut USA ; or #5100 black velvet 65% cottony35% rayon, available from JB Martin, Leesville, South 
Carolina, USA) which has been secured to a flat planar surface. The sled is pulled across the brushing surface 
by hand as shown in Figure 3. Brushing of the sample takes place in one direction in one continuous motion 
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at a speed of 5 centimeters per second for a distance of 10 centimeters under an applied load of 5 gran^ per 
square centimeter. The applied load includes the weight of the sled and any additional weight necessary to 
attain 5 grams per square centinwter. After tmjshing, a scissors » used to cut a piece out of the middle of the 
brushed sample atxxjt 1 inch (2.54 centimeters), being careful not to touch the surface of the sample. The 

5 sample is then folded over a No. 1-1/2 glass cover slip with the brushed side out and carefully placed between 
two glass slides (Corning Micro Slit slide, #^947, 75 x 50 millimeters) as shown in Figure 4. The sample ori- 
entation at the coverslip edge represents a 45^ angle to the machine direction of the tissue sheet The slides 
can be secured using two rubber bands. 

The number of fiber ends can be counted by placing the prepared sample under a microscope. An Olympus 

10 compound microscope, model BH-2, can be used with transmitted lighting using a 4x DPIAN objective which 
yields a 40x magnification of the fiber ends at the eye piece. Alternatively, the Image can t>e projected via a 
video camera connected to a video monitor (Sony B/W with 850 lines of resolution). The number of fibers ex- 
hibiting an ot>servat)le starting point and a loose unt>onded end measuring 0.1 millimeter or greater per 1Z7 
millimetefB (0.5 Inch) of sample Is the Surface Fiber Index for the sample. A sufficient number of slides should 

15 be prepared to take 20 measurements; the average reading from these twenty measurements is the Surface 
Fiber Index for the tissue sample. 

Figure 5 is a plan view of a prior art deoomtive butterfly embossing pattern produced on laser-engraved 
embossing rolls, Illustrating the shape of the n^e embossing elements. The male butterfly embossing ele- 
ments had a line thickness of 0.71 millimeter (0.028 inch), a depth of 1.8 millimeter (0.062 inch) and a sidewall 

20 angle of 22^. The matching female vokJ was 1.4 millimeter wide (0.057 inch), 1.3 millimeter deep (0.053 inch) 
and had a IS"* skiewall angle. The butterfly was 17.5 millimeters long (0.6875 inch) by 15.9 millimeters wide 
(0.625 inch), and there were 0.2131 butterflies per square centimeter (1.375 iMJtterflies per square Inch). Sev- 
en different elements made up the kxjtterfly pattern to provide an emtx>sslng area of about 10 percent 
Rgure 6 is a plan view of an emt>ossing pattern useful In accordance with this Invention, illustrating the 

25 size and spacing of the male embossing elements. For this pattern, the male elements had a height (or depth) 
of 0.76 millimeter, a length of 1 .52 millimeter and a wkith of 0.508 millimeter, hence having a lengthrwidth ratio 
of 3:1 . The major axes of the elements were oriented at an angle of 65'' relative to the circumferential direction 
of the roll. There were an average of 0.5 elements per millimeter in the axial directk>n of the roll and an average 
of 1 .1 element per millimeter in the circumferential direction of the roll, resulting in an element density of 57 

30 discrete elements per square centimeter. The fennale roll in the nip contained corresponding voids positioned 
to receive the male elements having a depth of 0.81 millimeter, a length of 2.03 millimetere and a width of 1.02 
millimeter. The voids were correspondingly oriented with the major axes at an angle of 65** to the circumferential 
dlrectk>n of the roll. The land area between the vokte was 0.15 millimeter ¥vith an acconvnodatlon between 
the intermeshing elements of 0.25 millimeter. The skie wall angle of the male element and the female vokJ was 

35 18°. The embossing area was about 45 percent 

Figure 7 is a plan view of an embossing pattern not useful in accordance with this invention, illustrating 
the shape and spacing of the male embossing elements. For this pattern, the male elements had a depth of 
8.6 millimeters (0.34 inch), an element surface area of 0.035 square centimeter (0.0055 square inch), a sidewall 
angle of 33^", an element density of 8.5 elements per square centimeter (55 elements per square inch), and a 

40 repeat unit length of 7.6 millimetere (0.3 inch). The embossing area was about 30 percent Figure 8 is a plan 
view of another embossing pattern useful In accordance with this Inventton, Illustrating the size and spacing 
of the male embossing elements. For this pattern, there were 39.6 discrete intermeshing elements per square 
centimeter (256 elements per square inch) . Each element was 0.84 millimeter long (0.033 inch) by 0.84 mil- 
limeter wide (0.033 inch) and had an IS"" skjewall angle. The corresponding female void was 1.09 millimeter 

45 long (0.043 inch) by 1.09 millimeter wide (0.043 inch), leaving 0.127 millimeter (0.005 inch) accommodation 
between the two intermeshing elements. The land distance between the female vokis was 0.20 millinDeter 
(0.008 inch) for a total of 0.46 millimeter (0.018 inch) between the individual ntale elements. The embossing 
area was about 28 percent 

Figure 9 is a plan view of another embossing pattern useful in accordance with this invention (magnified 

so 2X), illustrating the shape and spacing of the male embossing elements. The male roll had approximately 50.2 
discrete protruding male embossing elements per square centimeter (324 per square inch). Each element was 
0.38 millimeter wkie (0.015 Inch) by 0.76 millimeter long (0.030 Inch) with every other element rotated 90*". 
The skiewall angle of the elements was 20"". The distance between the male protruding elements was 1.01 
millimeter (0.040 inch). The corresponding female void was 1.14 millimeter wide (0.045 inch) by 1.52 millimeter 

55 long (0.080 Inch), n>atching the orientatbn of the male element The accomnx>datlon between the intermeshing 
elements was 0.38 millimeter (0.015 inch) and the land distance between the fennale voids was 0.25 millimeter 
(0.01 0 inch). The embossing area was about 15 percent 

Figure 10 Is a schematic view of a tissue sheet being embossed in accordance with this invention, illus- 
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trating the inteimeshing relationship of the male elements and female voids. Shown is the female emtx)ssing 
rdl 21 , the male emt)ossing roll 22 and the tissue basesheet 23 being emt>ossed. The male embossing elenwnt 
24 is shown as partially engaging the female void 25. The degree of roll engagement or embossing level is 
indicated by the distance 26, which is the distance that the male element penetrates the female void. The depth 

5 of the male element is indicated by reference numeral 27. The depth of the female void is indicated by reference 
numeral 28. The size of the male element (length or width, depending on the orientation of the element relative 
to the cross-sectional view) is indicated by reference nunr>eral 30. The size of the finale void is similarly indi- 
cated by reference numeral 31. The size of the bottom or base of the female void is indicated by reference 
numeral 32. The land area between the female voids is indicated by reference numeral 34. The sidewall angle 

10 of the male elements and female voids is measured relative to a line which is perpendicular to the surface of 
the rolls. The sidewall angle of the male element is shown as reference numeral 33. The acoomnrKxlation is 
the distance between the male element sidewaQs and the fenrmie void sidewalls at zero engagement Although 
the elements in Figure 10 are not at zero engagement, the accommodation would be the distance between 
points 35 and 36 at zero engagement As the elements are engaged, the distance t>etween the sidewalls do- 
ts creases, causing shearing of the tissue to create a permanent deformation and a corresponding bulk increase. 
It Is believed to be important that the male elements do not inelastically compress the tissue between the top 
37 of the male element and the bottom 38 of the female void. That is to say, referring to Figure ID, that the 
distance 39 is not less than the thickness of the tissue. 

Figure 11 is a plot of the Surfece Fiber Index versus Strength for wet- pressed, nonlayered tissues, illus- 

20 trating the increase in Surface Fiber Index attained by applying the method of this invention to such t^sues. 
Shown are a number of points which represent commercially available wet-pressed tissues and which are lab- 
eDed "Wi" (one-ply) and "Wj* (two-ply) . Also shown are points labelled "Iq". which represents a wet-pressed, 
nonlayered two-ply tissue product used as the starting material for the applk^ation of the nnethod of this inven- 
tion, and li', which represents the resulting tissue product 

25 Figure 12 is a ptot of Bulk versus SEM for commercially availat>le single-ply tissue products, illustrating 

how the method of this invention can be used to impart throughdried-like qualities to a wet- pressed sheet The 
commercially available wet-pressed tissues are labelled "W. The commercially available throughdried tissues 
are labelled T". Note that the throughdried products have a lower SEM than the wet-pressed tissues. Indicating 
greater softness. In general, the throughdried tissues also have greater Bulk. The point labelled Mo is a wet- 

30 pressed control sample, and the point labelled M| is the product resulting from applying the method of this 
Invention to the control sample. (See Table 3 for specific data). Note that the Bulk of the wet-pressed product 
has been elevated to the level of the throughdried products. 

Figure 13 Is a ptot containing the same commercially available wet-pressed and throughdried products of 
Figure 12, iHJt illustrating the improvements in Bulk for differing levels of emt>ossing roll engagement (emboss- 

35 ing level). Specifically, the wet-pressed tissue control sample s represented as 'Mq' was subjected to the meth- 
od of this invention at different levels of engagement The resulting products are represented by points M2, 
M3 and M4. Specific data is presented in Table 4. As shown, these products possess a combination of softness. 
Strength and Bulk not exhibited by the prior art wet-pressed products. 

Figure 14 is a pk>tsimilar to Figure 12, illustrating the improvement in Bulk attained by applying the method 

40 of this inventton to a different control wet-pressed basesheet As before, the starting material is designated 
Mo and the product of this inventton is designated as M5. Specific data is presented in Table 5. 

Figure 15 is a pk>tsimilar to Figure 12, illustrating the improvement in Bulk attained by applying the method 
of this inventk>n to a throughdried control t>asesheet using different embossing levels. 

The control t>asesheet is designated as Xq and the resulting products are designated Xi, X2, and X3. As 

45 shown, the throughdried products can be elevated to Bulk levels not exhibited by the commercially available 
throughdried products. Specific data is presented in Table 8. 

Examples 

so To further Illustrate the Invention, the methods of making the tissue products of this invention plotted In 
Figures 11, 12, 13. 14 and 15 will be described in detell below. 

Example 1. 

55 A blended tissue sheet was made with 70% Caima sulfite eucalyptus and 30% northern softwood kraft 
and was embossed between unmatched laser-engraved rubber embossing roils having an emt>ossing pattern 
as illustrated in Figure 6 having an embossing level of 0.20 millimeter (0.008 inch). The embossed sheets were 
plied together with a like sheet by crimping the edges of the sheets to produce a two-ply product having a fin- 
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ished basis weight of 44 grams per square meter (gsm), a Bulk of 7.04 cubic centimeters per gram and a 
Strength of 784 grams per 7.62 centinneters. Prior to embossing, the tissue sheets had a Surface Fiber Index 
(SFI) of 30. After embossing in accordance with this invention, the resulting tissue had improved softness and 
had an SFI of 55. 

Example 2. 



10 



IS 



20 



A one-ply. blended, wet-pressed tissue basesheet was made with a furnish comprising 70% Cenibra eu- 
calyptus bleached kraf t and 30% northern softwood kraf t having a dryer basis weight of 27.5 grants per square 
meter (16.2 pounds per 2880 square feet) and a finished basis weight of 33.9 gran^ per square meter (19.9 
pounds per 2880 square feet). The machine speed was 396 meters per minute (1 300 feet per minute), using 
no refiner or wet strength agents. The resulting basesheet had a machine directton stretch of 24 percent a 
Bulkof 4.2 cubic centimeters per gram, a Strength of 1 025 grams and a SEM of Z30 kilometers. This basesheet 
is designated as the Control sample. 

The Control basesheet was embossed with a matched steel embossing pattern as illustrated in Figure 7. 
The basesheet was emtx>ssed at incremental levels to generate a Bulk gain/Strength loss relationship. Table 
1 below shows the resulting data. (For all of the data listed in the following tat>les, "Embossing Level* is ex- 
pressed in millimeters, 'Basis Weight" is expressed in grams per square meter, "Strength" is expressed in 
grams per 76.2 millinneters of sample width. "Bulk" is expressed in cubic centi niters per gram, "SEM" (Specific 
Elastic Modulus) is expressed in kilometers, and "RATIO" is the ratto of the percent increase in Bulk divided 
by the percent decrease in Strength. 

TABLE 1 



25 


SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 




Control 




33.89 


1025 


4.20 


2.30 






1 


0.1778 


31.85 


1022 


4.15 


3.08 


0 


30 


2 


0.2794 


30.57 


962 


4.32 


3.75 


0.47 




3 


0.3810 


31.31 


847 


4.70 


2.64 


0.69 

4 




4 


0.4826 


30.57 


689 


4.90 


2.52 


0.51 



35 



40 



In all cases the resulting basesheet did not meet all three of the criteria of Strength, softness (SEM), and 
Bulk for a premium tissue product 

The Control basesheet was also emtx>ssed with a set of unmatched laser-engraved rolls having a butterfly 
pattern as shown in Figure 5. 

Again, the k>asesheet was embossed at various levels to obtain a Bulk gain/Strength loss relationship. Ta- 
ble 2 below shows the resulting data: 

TABLE 2 



SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 


Control 




33.89 


1025 


4.20 


2.30 




1 


0.2540 


31.33 


1025 


4.46 


2.91 


0 


2 


0.3810 


31.75 


945 


4.56 


2.38 


1.10 


3 


0.5080 


31.85 


832 


4.46 


3.19 


0.33 


4 


0.6350 


32.50 


737 


5.24 


2.00 


0.88 



45 



50 



55 



Again, the resulting basesheet dki not meet all three of the criteria for Strength, softness (SEM) and Bulk 
for a premhjm product. Sample 2 dM exhibit a Ratb greater than 1, but this was obtained because the Bulk 
incraase was so low (9%) that the Strength was not significantly impacted. Also, the differences in Bulk and 
Strength values are within basesheet variability and testing deviatkMi. 
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Example 3. 

The same Control basesheet described in Example 2 was embossed in accordance with this invention wfth 
a las^-engraved micro' pattern as illi^trated in Figure 6 to obtain the Strength, softness (SEM) and Bulk of a 
5 premium tissue product Table 3 below shows the resulting data: 



TABLE 3 





SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 


10 


Mo 




33.89 


1025 


4.20 


2.30 






M, 


0.3556 


30.02 


629 


7.36 


1.80 


1.95 



The resulting basesheet met the premium criteria of Strength, softness (SEM) and Bullc. 

The micro embossing pattern described above was used to emboss a different control basesheet at va- 
rious embossing levels. All process conditions were as described in Example 2 except for the furnish blend, 
in which a portion of the eucalyptus was substituted with Caima eucalyptus, which is a sulfite pulp exhibiting 
less tending potential than the Cenibra eucalyptus. The overall make-up of the blended base sheet was 35 
percent Cenibra eucatyptus/35 percent Caima eucalyptus/30 percent northern softwood kraft The resulting 
^ data is listed in Table 4 below: 



TABLE 4 



25 



SAMPLE 


EMBOSSING LEVEL 


BASIS WaGHT 


STRENGTH 


BULK 


SEM 


RATIO 


Mo 




32.40 


1092 


4.23 


2.67 




M2 


0.2540 


30.24 


815 


6.80 


2.02 


2.39 


Ms 


0.2794 


29.16 


765 


7.14 


2.16 


2.30 


M4 


0.3048 


30.02 


731 


7.36 


2.00 


2.24 



Again, the resulting basesheet met the premium criteria of Strength, softness (SEM) and Bulk. 

The same mk:ro emt>ossing pattern descrit)ed above was applied to a Control basesheet made as descri- 
3S bed In Example 2, t)ut having a lower dryer kmsis weight of 24.7 grams per square meter (1 4.6 pounds per 2880 
square feet). The overall make-up of the blended Control basesheet was 70 percent Cenibra eucalyptus and 
30 percent northern softwood kraft The embossing level was 0.25 millimeter (0.010 inch). The resulting data 
is listed in Table 5 below: 



TABLES 



SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 


Mo 




29.92 


935 


4.41 


2.16 


• 


Ms 


0.2540 


28.41 


666 


6.52 


1.92 


1.66 



The result was that the embossed basesheet met the premium criteria of Strength, softness (SEM) and 
Bulk. 



so Example 4. 

A different wet-pressed Control basesheet was embossed in accordance with this inventbn t>etween a 
pair of laser-engraved embossing rolls having the emt>ossing pattern described and illustreted in connection 
with Figure 8. The Control basesheet was produced on a crescent former and was layered. The wire side (dryer 
55 side) layer was 100 percent Cenibra eucalyptus and the roll side (air side) layer was a blend of 40 percent north- 
ern softwood kraft and 60 percent broke. The weight ratio of the two layers was 50/50. The dryer basis weight 
of the Control basesheet was 12.1 grams persquare meter (7.17 pounds per 2880 square feet). The basesheet 
was embossed with the dryer skJe of the basesheet being contacted by the male embossing roll and a roll en- 

'10 
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gagement of 0.25 millimeter (0.010 inch). Like embossed basesheets were then piled together, dryer side out, 
by crimping the edges together to form a two-ply tissue. The resulting data is listed in Table 6 below: 



TABLES 



5 


SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 




Control 




30.23 


743 


8.35 


1.90 






1 


0.2540 


27.96 


550 


9.01 


1.73 


0.30 



10 



Both the Control and embossed samples met the premium criteria of Strength, softness (SEM) and Bulk, 
but the embossed sample had improved softness and Bulk, although there was a decrease in Strength. 

Example 5. 

IS 

Acne-ply, throughdried. layered basesheet was produced using a twin-wire former. This Control basesheet 
was emtx>ssed between a laser-engraved male embossing roll (having the butterfly embossing pattern de- 
scribed in Figure 5) and a 60 durometer smooth rubber roll over a range of loads to obtain a Strength loss/Bulk 
gain relatbnship. The resulting data is listed in Table 7 t>elow: 

20 

TABLE 7 





SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 


25 


Control 




28.77 


996 


6.89 


2.58 






1 


23.8125 


28.77 


779 


7.77 


2.06 


0.52 




2 


25.4000 


28.41 


739 


7.78 


2.23 


0.50 


30 


3 


30.1625 


28.57 


572 


8.45 


2.58 


0.53 



The Control sheet met the Strength, softness (SEM) and Bulk criteria for a premium tissue product Em- 
bossing the basesheet with the butterfly pattern resulted in a 42% Strength loss for a 23% Bulk Increase with 
no change In SEM. The percent Bulk increase per percent Strength decrease was 0.55. 
35 For comparison, the one-(riy throughdried basesheet listed above was embossed in accordance with this 
invention using a set of Intenmeshing laser-engraved roils having the emt)osslng pattern described in Figure 
9. The basesheet was embossed over a range of roll engagements to produce a Strength loss/Bulk increase 
relationship. The resulting data is listed in Table 8 t>elow: 



TABLE 8 



SAMPLE 


EMBOSSING LEVEL 


BASIS WEIGHT 


STRENGTH 


BULK 


SEM 


RATIO 


Xo 




28.77 


996 


6.89 


2.58 




Xi 


0.2032 


28.14 


852 


7.58 


2.00 


0.70 




0.3048 


27.79 


725 


9.41 


1.81 ' 


1.34 


X4 


0.4064 


27.63 


555 


11.03 


1.66 


1.36 



Mk:ro embossing the same sheet in accordance with this inventk>n resulted in a 60% increase in Bulk for 
the same 44% decrease in Strength as the butterfly with a 36% decrease in SEM. 



Claims 

55 

1. A method of making a soft tissue sheet comprising passing a tissue sheet (23) through a nip formed be- 
tween male (22) and fsmale (21) embossing rolls having about 15 or more discrete intermeshing elements 
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(24.25) per square centimeter of surface wtiich deflect the sheet (23) p&pendicular to its plane, wherein 
the percent Bulk increase divided by the percent Strength decrease is akxMJt 1 or greater. 

2. The method of Claim 1 wherein the number of discrete intermeshing elements (24,25) is from about 30 
5 to about 95 per square centimeter. 

3. The method of Claim 1 wherein the number of discrete intermeshing elements (24.25) is from about 45 
to about 75 per square centimeter. 

10 4. The method of Qaim 1 wherein the percent Bulk increase divided by the percent Strength decrease is 
from about 1 to atxMit 4. 



5. The method of Claim 1 wherein the percent Bulk increase divided by the percent Strength decrease is 
from about 2 to about 3. 



15 



6. A method of making a soft tissue sheet (23) comprising passing a tissue sheet through a nip fomrted be- 
tween male (22) and female embossing rolls (21) having from about 30 to about 95 discrete, unn^atched, 
intermeshing emt)ossing elements (24^5) per square meter of surface which deflect the tissue sheet (23) 
perpendk:ular to its plane, wherein said intemieshing embossing elements (24,25) are engaged at an env 

20 tmssing level (26) of from about 0.1 to atxujt 1 millimeter. 

7. The method of Claim 6 wherein the intermeshing embossing elements (24,25) are engaged at an emboss- 
ing level of from about 0.25 to about 0.5 millimeter. 

25 8. The method of Claim 6 wherein the embossing elements have a degree of accomnuxiation of from about 
0.075 to about 1 .25 millimeter. 

9. The method of Claim 6 wherein the embossing elements have a degree of accommodation of from about 
0.25 to about 0.75 millimeter. 

30 

10. The method of Claim 6 wherein the unmatched elements have substantially equal sidewall angles. 

11. The method of Claim 10 wherein the sidewall angles are from about 15** to about 25®. 

35 12. The method of Claim 11 wherein the top of the male element is larger than the bottom of the female ele- 
ment 

13. A method of embossing a tissue sheet by passing the tissue sheet (23) through a nip formed between 
male (22) and female (21 ) embossing rolls having an embossing pattern comprising from about 30 to about 
40 95 discrete, unmatched, intermeshing embossing elements (24,25) per square centimeter, sakl emboss- 

ing pattern further satisfying the fonnnula: 

B ^ (2A + C), 

wherein 

"A" is the accommodation, 
45 'B" is the element size, and 

"C" is the female roll land distance between female voids. 

14u A soft tissue product comprising one or more blended tissue sheets, saki product having a Surface Fiber 
Index of about 50 or greater, a Strength of about 500 grams or greater and about 20 percent or more hard- 
50 wood fibers. 

1 5. The product of Claim 14 having at)out 40 percent or more hardwood fibers and a Surface Fiber Index of 
from about 50 to about 90. 

* 

55 16. The product of Claim 14 having about 60 percent or greater hardwood fibers and a Surface Fiber Index 
of from about 50 to about 70. 

17. The product of C^aim 14 having a Bulk of about 6 cubic centimeters per gram or greater. 

12 
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18. A soft tissue product comprising one or nrK>re blended tissue sheets, said product having about 40 percent 
hard¥vood fibers or greater, a Surface Rber Index of about 50 or greater, a Bulk of from about 7 to about- 
12 cubic centimeters per gram, and a Strength of about 500 grams or greater. 

5 1 9. A soft wet-pressed tissue sheet having a Bulk of about 6 cubic centimeters per gram or greater, a Specific 
Elastic Modulus of about 4 kilometers or less, and a Strength of about 500 grams or greater. 

20. The tissue sheet of Claim 1 9 having a Bulk of about 7 cubic centimeters per gram or greater and a Specific 
Elastic Modulus of about 3 kilometers or less. 

10 

21. The tissue sheet of Claim 1 9 having a Bulk of about 7 cubic centimeters per gram or greater and a Specific 
Elastic Modulus of .about 2 kitometers or less. 

22. A two-ply tissue product comprising two wet-pressed tissue sheets, said product having a Bulk of about 
f 5 9 cubk: centimeters per gram or greater, a Specific Elastic Modulus of about 2 kilometers or less and a 

Strength of about 500 grams or greater. 

23. Asoftthroughdried tissue sheet having a Bulkof about 9 cubic centimeters per gram or greater, a Specific 
Elastic Modulus of atxnjt 3 kilometers or less and a Strength of about 500 grams or greater. 

20 

24. The tissue sheet of Claim 23 having a Specific Elastic Modulus of about 2 kitometers or less. 



25 



30 



35 



40 



45 



SO 



55 
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FIG. 4 
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